Collins, Oonagh and Cussen, Eddie (2013) A neutron diffraction study of structural distortion and magnetic ordering in the cation-ordered perovskites Ba2Nd1−xYxMoO6. Journal of Solid State Chemistry, 200. pp. 215-220. ISSN 0022-4596 , http://dx.Abstract The cation ordered perovskites Ba 2 Nd 1-x Y x MoO 6 (0.04 ≤ x ≤ 0.35) have been synthesised by solid-state techniques under reducing conditions at temperatures up to 1350°C. Rietveld analyses of X-ray and neutron powder diffraction data show that these compounds adopt a tetragonally-distorted perovskite structure. The tetragonal distortion is driven by the bonding requirements of the Ba 2+ cation that occupies the central interstice of the perovskite; this cation would be underbonded if these compounds retained the cubic symmetry exhibited by the prototypical structure. The size and charge difference between the lanthanides and Mo 5+ lead to complete ordering of the cations to give a rock-salt ordering of Nd 3+ /Y 3+ O 6 and MoO 6 octahedra. The I4/m space group symmetry is retained on cooling the x = 0.1, 0.2 and 0.35 samples to low temperature ca. 2 K. Ba 2 Nd 0.90 Y 0.10 MoO 6 undergoes a gradual distortion of the MoO 6 units on cooling from room temperature to give two long trans bonds (2.001(2) Å) along the z direction and four shorter apical bonds (1.9563(13) Å) in the xy plane. This distortion of the MoO 6 units stabilises the 4d 1 electron in the d xz and d yz orbitals whilst the d xy orbital is increased in energy due to the contraction of the Mo-O bonds in the xy plane. This bond extension along z is propagated through the structure and gives a negative thermal expansion of -13×10 -6 K -1 along c. The overall volumetric thermal expansion is positive due to conventional expansion along the other two crystallographic axes. With increasing Y 3+ content this distortion is reduced in x=0.2 and eliminated in x=0.35 which contains largely regular MoO 6 octahedra. The x=0.1 and x=0.2 show small peaks in the neutron diffraction profile due to long range antiferromagnetic order arising from ordered moments of ca. 2 B .
Introduction
Complex perovskite oxides continue to be widely studied as they provide both a source of new physical phenomena and a tuneable system for the development and testing of theory.
The incorporation of combinations of cations into the structure can be used to induce chemical ordering and access new electronic states that are not present in the component phases. A classic example of this is can be seen by comparing the complexity of the roomtemperature magnetoresistive phase[1, 2] Sr 2 FeMoO 6 with SrFeO 3 [3] and SrMoO 3 . [4, 5] We have been examining related Mo 5+ perovskites [6] and have seen that in the electronicallylocalised phase Ba 2 NdMoO 6 the degeneracy of the 4d 1 configuration of Mo 5+ in the octahedral ligand field leads to a distortion and a structural transition from tetragonal to triclinic symmetry at ca. 140(10) K. [7] Cooling this material further leads to antiferromagnetic ordering of both the Nd 3+ in N 2 as described previously. [7] The progress of the reactions was followed using Xray powder diffraction. After repeated regrinding and repressing of the reaction mixtures and repeatedly heating the samples over between 3 and 5 days at 1350°C, the diffraction pattern could be completely indexed using a unit cell indicative of a cation-ordered perovskite.
Further heating caused no change in the diffraction profile and so indicated that the reaction was complete. 
Results
Neutron diffraction data collected at room temperature from Ba 2 show that these compositions remain stoichiometric in oxide, [7, 9, 11] with any site mixing between the Ln and Mo cations reaching a maximum value of ca. 3 % that is below the detection limit for typical neutron diffraction data. [12] . The structures were refined in a straightforward manner to give the atomic parameters and bond lengths collected in Tables 1   and 2 along the c-direction of the unit cell as shown in Figure 4 . This contraction along c is insufficient to offset the positive thermal expansion in the ab plane and so this phase exhibits overall positive volumetric thermal expansion as shown in Figure 4 .
Distortions of similar size have arisen in other d 1 systems, such as NaTiO 2 , [19] where a Jahn Teller distortion leads to a reduction in the electronic energy by distortion of the ligand field.
As there is no change in symmetry on cooling Ba 2 and Ba 2 Nd 0.80 Y 0.20 MoO 6 shows that the distortion of the Mo 5+ coordination environment in these phases is sufficient to stabilise the anisotropic antiferromagnetic structure observed in Ba 2 NdMoO 6 . In the absence of this distortion of the MoO 6 octahedra, related tetragonal phases in the Ba 2-z Sr x ErMoO 6 series remain paramagnetic to 2 K. [9] The reduction in the magnitude of the MoO 6 distortion associated with the replacement of Nd 3+ with Y 3+ reduces the size of the ordered magnetic moments gradually with composition. We can thus assign the magnetic transitions observed in the bulk susceptibility data [7] to Néel transitions rather than the formation of disordered spin glass states. this implies that strength of the magnetic exchange within the ordered portion of the material is not significantly diminished from Ba 2 NdMoO 6 .
Conclusion
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